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AR DEPARTMENT
U. S. ENGINEZR OFFICE
MEMPHIS, TENKESSEE

HYPOTHESIS CF DESIGN OF SIPHON NEAR
MARXED TREE, ARKANSAS, FOR ST.FRANCIS
RIVER FLOCD CONTIXOL PROJECT.

I. INTRCDUCTION,

1. Authority. - The siphon, which is part of the St. Francis
River Project, will be constructed under the provisions of the Flood
Control Act approved May 15, 1928, as amended by the Act approved
June 15, 1936, and as further amended by the Flood Conftrol Act approved
June 28, 1938,

2., Purpose. - The siphon is to replace a destroyed sluiceway for
the purpose of supplying weter for navigation in the 6L miles of the
reach of the St. Francis River from near Marked Tree to “ittsburg,
Arkensas.

53+ Location. - The sipnon will be located at the foot of St.
Francis Lake in that section of the St. Francis River known as the
Sunk Lands, in Drainage District No. 7, Poinsett County, Arkansas, on
the now left benk project leves of the St. Francis River, ncar the
navigation lock about Iy miies northwest of Marked Tree, Arkansas, ab
approximately river mile 156,

L. General Information. = 2. An understanding of the circuvm-

stances leading to the scloction and use of a siphon in conncction
with this proicet is of interest. The Sunk Lands cxtend along the St.
Francis River from St. Francis Towvm (KMile 229) to the foot of St.

Francis Lake (Mile 156) near Marked Trec, Arkansas. This rcach of the



St. Francis River is low and flat with a channel so poorly dcfined,and
banks so low, that large areas arc submerged during a great part of the
year. St. Francis Lake, which is located at the foot of this reach, is
about five miles wide in its widest part when filled. Beforc the present
project for the control of St. Francis River floods was authorized,
local interests had constructed levee systems along each bank of the
St. Francis River, in general, between Wappapello (Mile 33%8) and the
foot. of St. Francis L-ke (Jiile 156). The levees around the lower end
of St. Francis Lake were constructed by Droincge District No. 7 of
Poinsett County. The lake levee system terminates, in the vicinity of
Oak Donnick, in a leveed floodwany thut diverts the flood waters, which
formerly passed dovm the St. Francis River by Marked Tree (Mile 150)
and Parkin (Mile 101), and returns those waters into the $t. Francis
River, via St. Fraoncis Boy, at a point near Wittsburg, Arkansas, about
15 miles downstream from Parkin. This provides for the protection of
large tracts of land from frequent overflows. The diversion lcvee
system crosses and dams the St. Francis River about !} miles upstream
from Marked Trece. Since this reach of the St. Francis River is navi-
goble, Drainage District Ho. 7 applied for and obtained o permit from
the Wiar Department to construct a navigation lock, sluiceway and that
section of the diversion levee demming the river above Marked Troe.

The permit stipulated, among other things, thet the natural flow of the
river up to a volume of 2600 cubic fest per second, shall be allowed to
flow through the slulceway for the use of navigetion. It also stipu-
lates that the height of the sill, across the ontrance to the floodway
near Oak Donnick, shall be maintained at such an elevation that no water

can flow down the floodway when the Oak Donnick gage reads less than 10
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feect, ecquivalent to elevation 210.25 féot above mean gulf level., It is
appsrent from the forcgoing stipulations that the only outlet for waters
from St. Francis Lake, below elevation 210 feet above méan gulf lovel,
was by way of the sluiceoway located in the levee damming the St. Francis
River above Marked Tree.

E. The levee systom, diversion floodway, and navigation
structures were completed early in 1926 by Drainage District No. 7.
About four years ago the floodway, below Oak Donnick, was widened and
extended.

¢. Sometime in 1933 about Lo feet of the outlet end of the
sluiceway broke and dropped down at a sharp angle, causing the toe of
the levee fill to cave in at this point. Again in October 1936, the
safety of the sluiceway and levee connected thereto was endangered by
the erosion and resultant caving caused by an eddy set up by the out-
flow from the sluiceway, which had undermined a row of piling , con-
structed in 1933, to direct the current away from the bank. Because of
this condition it became necessary to stop all outflow through the sluice-
way. In May 1938, however, the sluicewny settled and crevassed the ad-
joining levee. Since the maintenance of these works is essential for
flood control and since the works are, as has been mentioned, a part of
the St. Francls River flood control project, the crevasse was closed by
the Memphis Engineer District O0ffice in 1938. Hoving in mind the re-
quirements for navigation as expresscd in the War Department permit,
previously referred to, as well as the genoral water nceds of the reach
of the river extending below the levee dam to as far as Wittsburg (71

miles), the Memphis District Office immediately began investigations



and studies for replacing thce concrcte sluiccwny, which had consisted

of four barrels, cach 8 foot by 6»feot, located under and supporting a
portion of the lovoe crossing above Marked Tree. The investigations,
which covercd the possibilitics of installing a ncw culvert or a siphon,
included detailed office studies, supplemented by field surveys and
underground exploration. The underlying strata at the sitec are fine
sands that arc inclincd to becomc "quick" when saturatod. As a rosult

of thesc studies,a siphon was seclccted in licu of a now culvert. While
the culvert could have been satisfactorily rcplacced by cmploying ccllular
sheet piling in the foundation, the cost of constructing an extensive
concretc structurc of this type would have boen about #75,000 more than
that of the siphon. Thoe construction of the siphon over the levee offers,
morcover, & greater factor of safcty from failurc duc to adversc founda=-
tion conditions. Its simplicity of operation and the continuocus presence
of a ncarby lockmaster may also be mentionedvas favorable factors with
respect to the use of a2 siphon.

IT. PRIKCIPAL "ORKS,

5. Gomeral. - Tho design of the siphon, as has becn indicated, is
based on the requirements of the pemit with a volume of flow equal to
that provided by the sluiccway, which, whon in oporation, wes satisfac-
tory to navigation intercsts. The prinecipal works will include an ex-
cavated inlet chamncl; a reinforecd concrete inlet basin; three S-foot
dismeter steel siphons; a reinforced conecretc outlet basin; an excavated
outlet chammel; air and woter pumps including piping, valvés, and motors;
rcinforced concrcte footingss in compact carth f£ill; a wood trestle across

the siphon; a small reinforced concretc wnll; and an operating house.
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6. Iptakc Channel. - The intake channel will be about 130 fect

long with a bottom width of 6l fect and side slopes of 1 on 2. The 30
feet of the intake channel adjacent to the inlet basin will be riprapped
to prevent erosion of the alluvial silt material that is found here.

7. Intake Basin. a. The overall length of the intake basin will

be about L5 feet. At its upstream or sill end, the basin will be
approximately 68 feet wide; at the inlet lips of the siphon it will be
sabout 60 feet wide. Sbudies of the mean velocity of approach at this
last point indicate that it will be less than three foet ver second for
the entire range of siphon operation, ﬁhich will insure tranquil flow
into the basin. The elevation of the basin floor, or apron,will be S
feet below the intake lip of the siphon. This depth will insure a mean
velocity, around the siphon lip, of about five feet per seccond vihen the
siphons are discharging 2,600 cubic fect per second. This depth should,
therefore, be adequate.

b. It is to be noted that vortex action may bo pronounced at
the intake end of the siphon if there is not sufficient water seal depth
over the lip of the siphon. This latter depth should be greater than
the entrance wvelocity head, which, in turn, is controlled by the size
of the intakc basin. Vortcx action, in the intake basin, may possibly
be causcd also by placing the siphons too close together or by placing
the side walls of the basin too close to the siphons. The works are
designed to prevent vortex action for any of the rcasons stated.

8. The Siphon. a. Each of the three 9-foot diametor siphons will
be about 228 feet long. The shape of the siphoh will conform, in general,
to the cross-section of the levee over which it will be placed. The

heel of the outlet leg of each siphon will lie against an ogee section
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of the outlet basin, The invert of the siphon, at the summit, will be
placed at the designed flow line of the levee, viz., elevation 225.0

feet above mean gulf level. This is of importemece in twc respcecets. The
siphon will be so supported that its entire exterior can be inspected
for air leaks without unduly encroaching upon the new lcvee cross section.
The pipe will bc gatecless. If stagces, at ercst, on the intake side, risc
above the invert of the siphon, the air pump, which will be reversible,
could be operatcd as an air compressor in order to prevent floT into the
protected arca dovmstrcam from the siphon, in case such out{low from the
siphon was not desired. Cpocn the valves and the siphon acts as a sul=-
vert with depth of flowr equal to thc height of watcer above the flow line.
With valves closed Tthe siphon becomes self-priming.

b. Siphon Losses., = In dotermining the discharge capacity of

the siphon, the factors aifccting the head required included the follow-
ing losses.

Friction loss. -~ In determining the loss of head duc to

friction, the coefficient of roughness was taken as Manning's n = 0,012.
This is cgquivalont to a ﬁazon~Williams valuc of ¢ = 100 for 20 years
serviec of large pipes, as given in their diagram for the average trend
of coefficiont for continuous intcrior stcel pipes.

Bend losses. - The head lost due to the several bends was

computed from the formula:

H=c¢/A V2/2g where

90°
¢ = a constant assumed = 0.25
A= angle of bend in degrees.

V/2g

velocity head in pipe.
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The equation is that used by the Metropolitan Mater District of South-
ern California in the design of inverted siphons of lerge diameters for
the Colorado River Aqueduct,and the wvalue of ¢ is based upon a consider-
ation of the increase in the strength of secondary currents developed by
bends as the pipe diameter increases.

Expansion loss in outlet transition. = These head losses

were determined from velues of k in the equation h = kv?/2g, as gilven in
King's Handbook of Hydraulics.

Intake loss. - The intake was considered as sharp edged,
and the loss assumed equal to 50 percent of the intake velocity head.
In order to decrcasc the head losses in the siphon and rinimize the
possible formation of vortices at the inlet, it will be cenlarged,by a
bell mouthed entrance, to twice the area of the 9-foot diameter section
of the siphon, the reduction to the smaller diameter being accomplished
in 20 feet. It is believed that this intake size will insure quiet
flow conditions at the inta%e end and that the gradual rcduction in dia-~
meter will provido an casy change to the higher velocities in the 9-foot
diameter sectlon.

Outlet loss. = The outlet end of the siphon will be cn-

larged to twice the area in the 9-foot diameter section for essentially
the same purpose as stated in conncetion with the intake end of the
siphon. The trensition,from the enlarged scction to the smaller section,
will be accomplished in approximatecly 25 feet. “hile there is no exist-
ing data dealing with the e¢ffect of bends upon transitions located
immodiately below, it has, however, becen established experimentally that
the head losses resulting from bends occur, not in the bend, but a con-

siderable distance below it. The value of the enlarged transition
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section was therefore reduced because of it being dircctly below the
bend. Accordingly, it was assumed that only B/b.of the exit area would
be effective in reducing head losses at the exit, and the head equiva-
lent of the mean velocity at this point was correspondingly estimated.
The entire expansion in the transition section will be provided along
the horizontal axis of the siphon for the purpose of drowning the hy-
draulic jump and procuring ebullition throughout the whole aros of the
stilling basin. It is also to be noted that the outlet leg of cach
outside siphon is designed with a slight horizontal bond in order to in-
surc the most offcctive devolopment of the cntirc cross szetional arca
at the ond sill of the outlet basin, without using too widc a space
betweon siphons or too groat a width at the upper end of the outlet
basin,

¢. Rating Curves. - Calculation of thc scveral losscs con-

sidercd in thc preceding paragraphs led to the following expression for
use in deotermining the siphon capacity:
Ve

Center siphon, H = 1,508 5=
g

Outside siphon, H = 1.576 Xz_
2g

H is the difference between head and tailwatcer lovels and V is the mean
veloelty in the 9-foot scetion of the siphon. The clovation of the
upper pool, and corrcsponding elevation of the lower pool, for discharges
through onc and threco siphon pipes are indiecatcd in Figurce I. Figures
%, Iy and 5, arc hydrographs rcprescntative of oxtromely wet (1927),
normal (1932) and dry (1930) yoars, rospcctively, while tho sluiccway
was in opcration. Rating curves for onc, two and three siphons

arc also shown in Figurc 9; Pigurc 10 shows thc hydraulic character-~



istics of the siphon pipe, and Figure 2 shows the hydraulie character-
istics of the three siphons for the stated special and rare tailwater
conditions.

d. Siphon Operation. - It is indicated that the siphons will

discharge 2,600 cubic feet per second when full and whon the clevation
of the intake pool is about 213.6 foet above mean gulf level, which will
normally occur when the tailwater pool is at or about elevation 209.l.
Duration curve of duaily tailwater clevations are showm on Figurc 7.
Discharges less than this amount will, of course, be cxpericenced when
the elevation of the intal'c pool is below 213.6 fcet. Low river stages
in the intake pool begin at elevation 210 fuet,and stages less than 207
feet provide unfavorable navigation conditions in St. Francis Lake.
Accordingly the operation of the siphons will be rogulated so as not %o
draw dovm the intake pool, exccpt under special circumstances, below
elevation 207. The sill of the navigation lock is at elcvation 199.3.
The elevation of the lip of the intake end of the siphon is fixed at
203.3 which will insure a suitable depth of seal for vacuum purposes
when the depth of water in the navigation lock is five feet., A satis-
factory seal under extreme low tailwater conditions is also assured,
since the outlet lip of the siphon is fixed at elevation 199.0, which is
about one foot below the general elevation of the river bed below the
outlet chamnel. Normally the total 1ift will vary from 22 to 28 foet to
the summit of thc siphon or from 17.5 to 23.5 feet to the spring linc of
the siphon at that point. Tthen the intake pool is above clevation 213.6
fcet, one, two, or all three of the siphons can be operated. Such

operation will providec a wide rance in discharge, i. ¢., from 800 to more



than 2,600 cubic feet per sccond. The discharge can be regulated by
controlling the flow of water in the individual siphons by breaking or
providing a vacuum in the summit of the siphon. The vacuum will be pro-
ducod by a water scaled conbtrifugal air pump. The vacuum can bc broken
by oponiné the 6-inch linc through the vacuum pump or the 8-inch valve
placed in the summit of the siphon.

c. It is also of importence to note that thec siphons beecome
self priming when the velocity of tho water passing through them is high,
and that this priming action is dissipsted when the veloeity is low, i.c.,
air separates from the water and collects in upper part of siphon with
accompanying vacuum loss. The velocity of the water in the siphons is
a function, of course, of the difference in level between the head and
tailwater pools. The greater this differcncc becomes, the mors the
volociby inercascs. Usually, however, whon the total 1ift is greatest,
this differential is small and conscquently the velocity is comparatively
low. VWhile nothing is knovn of the rate of separation of air from water
at low velocities, it is anticipated that with a total 1ift of 28 feet
and a velocity of 8 feet per sccond that there will bc no loss of vacuum.

f. It is of intercst to note that when the rate of river in-
flow into the inlet basin becomes less than thc outlet discharze rate of
the siphons, the differential betwecen the head and tailwater pools vill
begin to lessen with accompanying graduel decrease in the velocity and
discharge of the siphons. A slow loss in vacuum will accompany the
gradual decrease in velocity since less of the liberated air will be

carried out. This loss of vacuum will continue as the outflow from the

siphons becomes equal to the inflow, Following this critical periocd,more
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vacuum will be slowly lost and the volume of outflow will become
gradually less than that of the inflow. The intake pool will, there-
fore, begin to rise with accompanying increase in the differential be-
tween the head and tailwater pocls and decrease in static lift. Thile
the velocity in the siphons will, therefore, begin to increase, it re-
mains to be determined by experiment whether this increase will become
sufficient to prevent further loss of vacuum and thereby again stabilize
the flow, For this purpose, it is proposed to obtain sufficient data
to determine the critical velocity curve at which vacuum is lost at
various 1ifts, differentisls, water temperatures, and barometric pres-
sures. With 9-foot diameter siphons it will take many days for this
gradual loss in vacuum to take place. It (the wvacuum) can be fully
restored at any time by running the vacuum pump @ short time, This
would, of course, cause the siphons to flow full again. The conditions
outlined above will occur when the level of the intake pool is below
elevation 207, the maximum practical limit of operation for navigation,
The proposed experimental data are, therefore, largcly for theoretical
purposes,

g. Theoretical Lift. - The theoretical possible 1ift for mean

atmospheric pressure at elevation 210.0 feet above mean culf level is
323,58 fcet of water. Allowing for a rcduction of 0.60 foot for vapor
pressurc at 60° and a reduction of 1,61 fcet due to reduction of barem-
eter at 28.5 inches of mercury at sca level, the nct total theorectical
lift available is 31.37 fect. It is apparent that the normal range of
total 1ift (22 to 28 feet) to be anticipated is well within the limit of

the net total theoretical 1ift and, as will be shown subsequently, is
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well within the limit of the air pump capacity. Under the conditions
to be anticipated it is belicved that the siphon will flow full when
the headwater elevation is less than 207 and that it will continue to
do so until the headwatcr clevation drops to such an clevation that the
differential between the pools is so small that the veloclity beccomes

very low,

h. Alternate Siphon Sizes. -~ The threc 9-foot diameter siphons
were selected only after a caréful consideration of other possible siphon
sizes. While the size selected (9-foot) is considered the largest
practicable size, siphons of much smaller diameter could, of course, have
been used. Less 1ift vhen running full and somewhat greater flexibility
in operation are the chief advantages in using smaller size siphons.
These ﬁdvantages are, however, offset in that more siphons would be re-
guired if a smaller size be used. This, in turn, would require greater
widths of the inlet and outlet basins, more footings and supports, more
connecting pipes and valves, and greater cost.

9. Outlct Basin. a. The design of the outlet basin is influenced

by the fact that the material in the outlet channel (alluvial silt)
offers but scant resisbance to scouring action. Under the circumstances
it is desirable to keep the average velocity over the sill of the outlet
basin, which is at the entrance to the outlet channel, as low as 3.5
feet per second. The width of the sill as designed, about 90 fuetb,
insures velocities of this magnitude within the range of discharges
anticipated. The depth of tho basin will be 10 feoct below the end sill
elevation of 200. Invcstigations indicate that this depth will be ample

to provide a flow with hydraulic jump drowncd under all cxpcctcd operating
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conditions. At the invert line of the outlet leg of the siphon, the
concrete section of the outlet basin will be curved in an easy bend to
direct the jet, issuing from the siphon, horizontally into the basin
without undue shock or turbulence. (See Figure 8).
b. The effective length of the outletibasin will be approxi-
’mately 55 feet and it will provide a spread of 1 to 6.5 for the jets,
with the assumption that the jets will meet each other at approximately
midway between the end of the siphon and the sill of the basin. This
flare is considered sufficient to insure quiect and well distributed
flow over the end sill. As previously pointed out, the divergence of
the outside siphons, at the outlet end, aids in making the entire cross
section area over the sill effective for quict flow. The outlet basin
and channel ere designed to take care of a vclocity of as high as 25
feet per second issuing from the siphon. The occurrence of such a
velocity appears rcmote.
c. The clevation of the sill at the cnd of the outlet basin
"will be fixed so as to insurc a depth of seal of onc foot over the out-
let cnd of the siphon., This depth of scal will provide a volume of
water sufficicnt to prime one pipe under the severest operating con-
ditions to bc expected. The rate of air cxhaust (by air pump) during
priming, will be sufficiently slow as to aveid amy difficulty from air
suck.
d. The downstrecam portion of the outlct basin will be pro-
vided with an upward slopc of about L to 15. This will be an aid in
deflecting any stray high velocity jets slightly upward in passing over

the sill. This will tend to "float" such jets downstream beforc they
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can plunge to the bottom and scour.

Ce The distance between the inlet and outlet basins, 172.3%
feet, will be equivalent to somewhat more than ten timecs the maximum
head differential to be expected. This conforms, in gemeral, to the

base width of the levee, exclusive of banquettes, at this locality.

10. Outlet Channel. = The elevation of the bed of the cutlet

channel will be at elevation 200, which is equivalent to that of the begd
of the existing stream where 1t will be joined by the outlet channel.
This elevation (200) also fixes the minimum height of the sill of the
outlet basin at the head of this channel. In connection with the plan
of the outlet channel, a tailvmter rating curve was devecloped for the
most unfavorable condition of stage and flow (sce Figure 6). These
latter factors are affcocted by the tributary inflow from Left Hand Chute
of Little Rivor and backwater from the Mississippi River. The channcl
as dosignced has a base width of 100 fect with side slopes of 1 on 2.
Investigations indicate that under all conditions of siphon operation,
the mean velocity in this channel will be less than 3 feet por sccond,
which is the desirable limit. The outlet channcl for 50 fect below the
outlet basin is riprapped to provent scour immediately dovmstream from
the end sill and to promote a gquiet and well-distributed flow in that
portion of the outlet channel not protceted by riprap paving.

11. Air Pump. 8. To start the siphons in operation is generally
knovm as priming. It may be accomplished by tho romoval of air (air
pumplthereby'pexmitting the water to flow in at each cnd to £ill the
siphon,or it may be accomplished by filling thc siphon with water from

the summit. The latter method is objoetionable in that it would
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nceessitatc the use of a gate at each end of the siphon, which would
rcquire heavy construction and introduce additional head losses.

b. The force which the air pump must overcome is equal %o
the total 1ift. The capacity of the air pump, selected in this instance,
will be 120 cubic feet of air per minute with a vacuum of 20 inches of
mercury, referred to a 30-in. barometer, and a capacity of 100 cubic
feet of air per minute with a vacuum of 27 inches of mercury when re-
ferred to the same barometric pressure. It is anticipated that this air
pump will be of sufficient capacity to mect all practical conditions of
operation.

c. It is of interest tec point out here that the load on the
air exhausting equipment will be materially relicved by the self-priming
action of the siphon. The siphon is said to be sclf-priming whenever
the velocity of the water, flowing in thc siphon, is sufficicnt to ro-
move more air at the summit of the siphon than is being relcascd from
the water at that point. 7ith sulficient head differcntial available,
the velocity of the water at the summit should, therefore, be sufficient
for this sclf-priming actiém under conditions of partially filled siphon.
To assist this sclf-priming action the discharge end of the siphon, as
has bcon mentioncd, is expanded only in a horizont~l direction. This is
for the purpose of utilizing the outflow jet in removine air from the
siphon.

o g. Although the priming time of the air pump is not consid-
ered an important factor in the operation of the siphon, it may be men-

tioned that for a 1lift of about 26 feet the priming operation vwill take

approximately 100 minutes. For the morc usual lifts the anticipated



time of priming will bc less than 100 minutes.

3.' The fact that water evaporates with great rapidity as the
pressure above its surfacc deccreases {as in the casc of obtaining a
vacuum),and in so doing ereates a gas pressurc in the siphon, causes a
delay in the time it takes the air pump to provide +the desircd degroe
of vacuum.

f. The air pump and the 8-inch vacuum breaking valves will
be scalcd by means of a cenbtrifugal type vater pump capable of pumping
70 gallons of water per minute against a total 55-foot head and sclf-
priming up bto 25-foot suction 1ift. For scaling purposcs, the air pump
will not providc the desircd vacuum when the temperaturce of the water
is above 80° Fahronheit and it is required to o;haust air at an absoiute
pressure of 1.0lp inches of mercury. For these extreme conditions the
water will boil and, therefore, release a large amount of water vapor.
Under swh circumstances, nearly the entire capacity of the air pump
would be required for exhausting water vapor and none would be available
for removing the air fror the siphon.

g+ Since the alr pump is designed to handle fluids as well as
gases its operation will not be affected by condensation of water vapor

in the pump. A cordensation tank is, therefore, not necessary.

ITI. STRUCTURAL DESIGN.

12. Inlet and Outlet Basins. a. The inlet and outlet basins are

concrete boxes. The box has its top and onc side omitted and rests on
a contained sand foundation. A cofferdam is essential to construction
and, to reduce the cost, it "vill be retained to form a cell confining the

sand and so renders it a satisfactory foundation and avoids the use of
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wood bearing piles.

b. VThile the confinement of the sand should make it a satis-
factory material for foundation, a factor of safety against damage from
this source is provided in the design of the floor of the basins. Here
the masonry will be so proportioned and reinforced that it should be
capeble of suspension, without rupture, from the sheet piling cell to
which it will be fastened by dowels, 1f the bearing value of the sheet
piles is 10,000 pounds per linear foot of cell, the cell wall can theo-
retically suprort the basins vithout help fro- the sand fcundation.
During counstruction the hydraulic uplift in the arca will be relieved
by pumping, and the elevation of the ground water will be lovered by a
system of well points, unifemly distributed around the arca protected
by the cofferdam, which in addition to the inlet and outlet basin areas
will include the rock-paved portions of the ehannels. Due to flotation
effect the foundation +rill carry less load after the unwatering punps
are stopped.

¢. To provide for the possibilities of uplify a value of 12
feet was used in the design of the outlet basin. This should be amplg
as an inspection of the hydrographs of past floods fails to show dif-
fercnecs of more then 10 or 11 fcet in the water surfacc on opposite
sides of the levee, The floor slab will, thercfore, withstend the upward
thrust duc to a 12-foot head. Tho weipght of the basin itself, plus the
resistance of the sheet piles, to which it is attached by the Jowoels,
will also bc ample to resist the upward thrust. As an added precaution,
drainage will be provided by msans of a gravel blanket covering the

cntirce area of the outlet basin a minimuwn thickness of two feot. This
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gravel blanket, or filter bed will be tapped by six é~-inch pipoes, cach
of which is conncctcd to threc 8-inch latcral pipes in the filter bed.
The drains will also be used for detemining the amount of hydrostatic
uplift., One drein will also be placed in the inlet basin for this
purpose.
d. The side wmlls of the basins will be reinforced to with-
stand a wet earth pressure of 60 pounds per square foot tu elevation 200.
Below elevation 200 the pressure is assumed as B3 pounds per square foot.
e. The inlet basin 1s not designed for hydraulic uplift. As
previously noted, provision for uplift during construction will be re-

lieved by pumping.

13. Footings under the siphons. - The siphon pipes rest on con-

crete footings placcd in the supporting levee and, at the ends, on the
back walls of the basins, which are not considered subject tc settlement.
All of the intermediate supports, however, rest upon a campressible
medium. The only way bto insure against unequal settlement would appear
to be to carry thesc intermediate footings on piles which would pene-
trate the sand. The siphon, however, will rest upon rolled f£ill, com-
pacted at optimum moisture content, which; in turn, will rest upon the
foundation it has already occupied as a levee for 1l years. (The
existing levee will be removed and roplaced as rolled fill to insurec
against the presenee of logs and vegetable matter in the section). The
added weight of the slight inereasc in height of the f£ill and of the
siphon itself should not be great cnough to further compress the founda-
tion by any appreciablc amount. The fill so constructed should not

skrink nor scriously compress under the moderatc unit prossurcs that are
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anticipated. To supply, howcver, a remedy in the ovent of settlemcnt
provision was made for jacking up and correcting the clevation of the
bearing plates.

1l;. The Siphon Pipe. a. The maximum distance between the foot-

ings, which support the siphon, wiil be 20 feet, Investigations of the
foundation conditions. indicate that the 9-foot siphon, when full of
water, will be capable of spanning li0 feet without incurring any undue
strosses. The siphon pipe will be made of welded steel having a thick-
ness of 5/8 inch in the 9-foot portion of the pipe and 1/2 inch in the
outer ends or transition portions cof the pipe. Band stiffeners,made of
structural steel angles, will reinforce the siphon pipe for the purpose
of preventing it from collapsing when under high vacuum. The pipe, as
it expands and contracts under temperabure changes, can slide on all of
its footings, except the one under the surmit of the pipe. These foot-
ings have sliding platcs, held together with bolts in slotted holes,

b. Each pipe will have two man holes, 18 inches in diameter,
with frames welded to the siphon shell fnd designed to be air tight.
For checking the velocity of the water, each siphon will have twenty-five
l-inch threaded plugged holes in which Pitot tubes can be inserted. A
water gage will be located in each siphon at its sumnmit so as to show
the level of the water in the siphon.

15, Tests. - Soap. The inlet and outlet basins will be filled

with sufficicent water to scal each cnd of the siphon. Air pressurec will
then be applied to the inside of the siphon. All weclded places and
places where lecaks might exist will then be brushed with scap watoer.

Leeks will then be caulked or scaled by adding more welding material. As
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the leaks are stopped, boginning at the onds, the water will be raised
in the basins to available maximum clevation, and air pressurc increasecd.

16. Vacuum Test. - The air will be removed from each pipe suffi-
ciently to raise the water within one or two feet of the invert at the
summit of the pipe. It will then be required that no more than about
one foot of this head be lost in 2l hours without any further exhausting
of air from the siphon.

17. Trestle. - A wood trestle, wide enough for one vehicle, will
be provided across the siphons. This structure will be part of the sin-
gle track gravel road system, on the crown of the levee, maintained by
the local drainage district.

18. Wall. - The siphon section of the levee, the top of which will

be 5 feet (elevation 22;) below the grade of the adjacent levee, is
brought to grade (elevation 229) by means of a small concrete wall, on
a rectangular location about 16 feet wide and 82 feet long. The wall
and its footing are designed as graovity secticns but will be reinforced
sufficiently to insurc against any stresses that may possibly develop.
It is also to be noted that the wnll will assist in supporting the
siphons.

19, Trash Rack. - A trash rack consisting of wood piling, five
feet on centers, and two vmling pieces, one near the top and one 5 feet
below, will surround thc inlet portion of the siphon. A floating boom
will also be provided to prevent trash from entering between the piling.

20, Operating Housc. = The operating housc will contain the air

and water pumps, valvoes, vacuum gages and tanks.
2l. Piping. - The piping will connect the siphons with the exhaust-
ing equipment and water pump in the operating house. The exhausting pipe
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will be included in the vacuum tegt previously outlined. Three 8-inch
diameter compound vacuum and pressure gages, rated from a carplete

vacuum to fifty pounds air pressure, respectively, will be installed

on the piping in the operating house.

- 21 -



SIPHON DESIGN PROBLEMS.

In order to enumeratc many of the problems considerad in the
development of this design, thoy are briefed in the form of
questions. Obviously, many of the more familiar oncs are omitted.

I. DISCHARGE BASIN.

Will we get a hydraulice junp in discharge basin?
If we get a hydraulie jump, where will it occur?
¥ill we get a separate hydraulic jump for each pipe?

Will we get any Jet action which vill extend beyond basin, from
high velocities in siphon tubes?

Tith velocity of 30 feet per second in 9-foot section of pipe:

. What velocity with three pipes running full de you expect
across lip of basin?
“hat velocity do you expect at lip of discharge pipe?
111 you get higher velociby across lip of basin with
one or threc pipes operating?

b.
T
Would the discharge basin be satisfactory if 20 feet shorter in
length?
Is the width of basin corrcct at rear?

Viould there be any advantage in further widening discharge end of
pipec?

Would shape of discharge ond of pipe similar to intake be a better
design?

Depth below intakc is 5 feot and below discharge is 9 fect:
a. Dc we nced a differcntial in depth between the twe?
b. Is the 9~foot dopth correct for discharge basin?
E. What depth is corroct?

Will we geot any cavitation in dischargc basin?
Do we nced amy bafflc blocks in discharge basin?

Tiith velocity of 12 feot per second in 9-foot soction of pipe,
will we get cbullition or turbulcnec in discharge basin?



With velocity of %0 feet per second in 9-foot section of pipe:
« Will we get violent turbulence? .

Will we get a back roller?

Will we get vibration in pipe?

. Will we get tremor of concrete in basin?

jelolole

Would a rectangular basin be a better design?
Vould a vertical pipe give a better discharge condition?

If the bottom of discharge basin were paved with hand placed riprap:
a., ¥ould any of it be moved with velocity of 12 feet per
- second in 9-foot section of pipe?
Would any rerain undisturbed?
Vhere?
¥ith velocity of 30 feet per second in 9~foot section of
pipe would any remain undisturbed?

jajolo
. »

Will concrete under discharge pipe wear rapidiy?

If sand is carried in water:
a. Will any settle in discharge basin?
be. TWhere?

Will the water in discharge basin surge?

Yhet velocity across lip of discharge basin will disturb hand-
placed riprap in channel?

ill we get eddy action in chammel below basin 1lip at the higher
velocities in pipe?

Will channel riprap be disturbed at 30 feet per second in §-foot
pipe?

With water surface 213 feet in lake and water surface 208 feet in
discharge basin will you have uplift pressure under discharge basin with
no pressure relief pipes installed?

If lake level increases to 226 feet, will you inerease or develop
uplift under discharge basin? How much?

If pressure release pipes are installed under basin, will they be
effective?

If well points are left in place in discharge basin, can they be

used as pressurc release pipes?

2. Is there any advantage in pulling the points and grouting

T the holos?

b. Vhat advantage?
« If left ungrouted will water flow from theam into basin

under any condition of operation?

What condition?

lol
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If & well point is pulled and roplaeed with open ond pipe, would
you have a flow of sand under any operation condition?

The foundation material is very fine, clean sand. TWould it improve
the design to drive compection piling within thc area contained by the
shect piling? :

Are foundation piling nceccssary?

The basin walls are attached to the sheet piling by welding rein-
forcing bars to the piling. 77ill this impose any of the lcad of the
structure onto the sheet piling during construction while the basin is
pumped out?

Yhen water is let into the basin will the load on the piling in-
crease or decrease with pressure release pipecs installed?

a. Is thc shect piling under the discharge basin any advan-
- taze as a cuboff wall against piping?

b. Against scepage?

c. Against underground water flow?

If the discharge basin was not anchored to sheet piling would you
get any settlement?  How much?

The sheet piling inclosing the discharge basin acts as a cofferdam
during construction. Being left in place, if it werc not fastened to
conerete walls, would the weipght of the conerete squecze the sand up
between the concrete walls and the shect piling?

Yhat is probable 1lifc of thc sheet piling?
After the shecet piling rusts out will the basin secttle?

Twenty foot of piling below the basin would have buon more cconom-
ical than thirty fect:
a., “ould 20 foet be satisfactory?
b. Tould 10 foot bo satisfactory?

After the shcet piling rusts out, willl we get piping?

Should part of the shect piling be rencwed before it rusts out
completely? “That part?

The rear wall approximatoes an ogee soction of a spillway. It-is
also the last footing for support of the pipes. After designing for
carrying this load and for rotaining the earth fill, is it necossary to
provide mass concrctc to withstand vibration in the siphon pipes?

If thore is no vibration in the pipes, is therc any othor factor
which makcs mass conerectc o good design? If so, name the factor.



IT. TUBES.

The cross-section of the intake of the bell is twice that of the
9-foot pipe. Will the entrance veloclity be one-~half of the velocity in
the 9=-foot section?

Yhet, if any, other shape of entrance design would be more satis-
factory?

The oritical volume of flow for design purposes is 2600 cubic feet
per second at approximately lake level of 21% feet. Is the elevation
of intake 1ip of the pipe at 5 feet above floor of basin sufficient te
give adequaete entrance arca?

Will the flow lines be stream~lined at entrance to the pipe or will
we have turbulence?

Will we have vortex action at each pipe with flow of 2600 cubic
feet per second?

Till the flue or duct of vortex extend below intake 1lip?

Will enough air be admitted by the wvortex duet to cause gulping or
loss of vacuum?

If the vortex action is severe, can 1t be stopped by floating a
raft over the vortex area?

Will the vortex action decrease rapidly as the lake lcevel is lowcred
below 21% feet?

Is it corrcct to state that the siphonic head is 33,58 fect less
losses duc to water vapor, and normel barometcr changcs?

This gives us approximately 2%21.%7 feet for theoretical lift., Can
we obtaln this 1ift in a practicael design? ?

Under the limitations of this problem can we obtain this 1if4?

When we have a high 1ift and & low velocity through a 51phon will
air separate from the water and collect in the crowm?

We know from our automatic siphons that "with a low lift and a high
veloeity air is trappcd and expelled from the siphon". T7ith the design
of this siphon will it, aftcer priming, maintain its vacuum with a low
1ift and a2 high velocity?

Aftor becoming partially primed, will it automatically corplcte its
priming if vacuum pump is stopped?



If this siphon at 28 fcet 1ift and velocity of about 8 fecet per
second starts collccting air at the crown, vill it bec a pericd of hours
or days beforc flow in tho pipec ccascs altogethor?

Tle have been toking the maximum 1ift at the top of the pipe for
the vacuum 1ift. “then should the center of the pipe be used in our

calculations?

Is the volume of flow in the siphon controlled by the differential
between the pools or vy the vacuum 1lift?

When is the volume of flow affected by the vacuum 1ift?
How are friction losses affected by vacuun vs. pressure?

14

Granted that a siphon flowing partially full has sufficicnt velocity
to become automatically priming, can you, by letting air into the siphon
through pet cocks, regulate the volume of flow?

Can you prime another siphon by operating valves bebtween them after
on¢ has become automatically self-priming?

Would there be an advantage or disadvanbtage in using an elliptical
tube? ‘

"hat chief objection would you have to the usce of concrete tubes?

That kind of steel would you use in the siphon tubes - soft or
hard? High carbon or low carbon? Rust resistant or boiler plate?

Would you reinforce the tubes with angles, bands or wide rings?

Would the tubes need as much reinforcing ncar the lips as at the
invert?

Should the supporting saddles be designed for the tube to expand
and contract by sliding through same or should the sliding occur on a
base plate?

How much bearing surface should the tube have on the saddle?

Should the saddles be placed at the maximum spanning distance for
the tube as a continuous beam?

Would this maximum distance overload the footings anl cause
sottlement?

What will happen if wc get uncven settlement of the footings?
Should we design for casy realigmmont, if we got settlement?

Have we any flexibility in this siphon tube?
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Should the tube be anchored to onc footing? “hich fo:.ting?
Can this tube leak and saturate thc levec?

The cost of & power line from the site to a main line was estima-
ted at $7,000.00. The old sluiceway had a turbine and generator. The
lock is at present operated by a gas unit. It is estimated that a
turbine and generator can be installed for $6,000.00. Can this unit be
operated in a 30-inch Y tube taken off a siphon at the elbow above the
discharge basin?

III. INTAKE BASIN,

What is the maximum veloclity advisable over the 1lip of intake
basin?

Will the entrance losses increase very rapidly as the differential
between the pools increasces duc to the limited depth under the lip of
siphon?

Is it necessary for the entrance of inlet basin to be as wide as
discharge end of outlet basin?

Is it necessary to design the inlet basin against vibration as
strongly as the discharge basin?

Should the floor of inlet basin be of lighter construction than
the floor of outlet basin?

Are pressure releasc pipes desirable under floor of inlet basin?

Under what conditions will you get uplift pressures under floor of
inlet basin? What will this pressure be?

Would an inlet basin of shecet piling and riprap be satisfactory?

IV. LEVEE, WALL AND TUBES.

The distance from basin to basin is 172! 9-1/2". The levec is a
turnover in place on the old foundetion. The gumbo clay is cowpacted
by tractors in 6-inch layers. The river bed is elevation 200 feot;
natural land surface about elevation 212 fect; flow linec 226 fect;
(Notes- Maximum lake level cxpected is 226 fecet). Is a shect pilc cut-
off wall under the sea wall desirable or nccecssary?

If the cutoff wall of sheet piling is used, can it also be used for
bearing piles for sea wall?

If no cutoff wall is used, then does it become necessary to put in
bearing piles under the sea wall?



Will the levee foundation settle? Will we get further compaction
in the levee? How nmuch estinated?

It is assumed that, with siphon tubes lowered 3 foet at a lake
level of 226 feet water would flow through tubes 3 feet deep with air
valves open. Is this assumption correct?

Can you stop this flow by closing valves and using purp as
coRprossor?

With the air valves closcd and water flowing % feet decp in siphon,
will the siphon self-prime until it runs full?

Vhat are the main objections to lowering the siphon tubes 3 fcet
into the dirt of the levee and eliminating sca wall and footings?

TWhat would be the mein objicction to lowering the siphon tubes 3
feet into the levee and using councrete footings?

It is planned to provide cntrance holes in cach siphon tube to
insert instruments to obtain velocity data. Spot 16 holes to each tube.

In what part of the tube will the greatest turbulence oeccur?
Which bend will causc the largest loss in hydrostatic hoad?

If we had flattened and widened the tubc at the crown of the levee
without decreasing the cross scction area, would it affect the volume
of flow materially?

If the vacuum is gauged at level 22, feet on each leg of tho siphon
will the readings be identical if the tube is flowing full?

With five feet differential in pool levels, if the tube is being
primed and the water is at level of 22, feet in the upstream level and a
vacuum reading is taken at level 22l feet, what point or points on the
dovmstream leg will give identical readings?

If the dovmstream pool could be lowered as much as 50 feet, at
what elevation of dovmstream pool would the maximum flow through the
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